Purpose: To evaluate the combination of rectal indomethacin with patient controlled intravenous morphine analgesia (PCA) on postoperative pain relief and opioid use after cardiac surgery. Methods: With institutional ethics approval, 57 consenting adults undergoing elective aortocoronary bypass surgery were randomly assigned preoperatively in a double-blind fashion to receive either placebo in = 26) or indomethacin 100 mg suppositories (n = 31 ), 2-3 hr postoperatively, and 12 hr later. Both groups utilized PCA morphine. Pain scores in the two treatment groups were assessed on a 10-cm visual analogue scale (VAS) (at rest and with cough) at 4, 6, 12, 18 and 24 hr after initial dosing, and were analyzed through a 2 x 5 repeated measures of variance. The 24 hr analgesic consumption, 12 and 24 hr chest tube blood loss, and time to tracheal extubation were also recorded, and compared for the two treatment arms through Student's t test on independent samples. Results: Postoperative morphine consumption in the first 24 hr was 38% less in the indomethacin group (22.40 _+ 12.55 mg) than the placebo group (35.99 +_ 25.84 mg), P= 0.019. Pain scores, measured with a VAS, were 26% to 66% lower in the indomethacin vs placebo group at rest (P=0.006), but not with cough, for all times assessed. There was no difference in blood loss (at 12 hr) or time to tracheal extubation for both groups. 
N the past decade, the American Association of Critical Care Nurses has ranked pain management after cardiac surgery as a high priority. 1 Inadequate postoperative analgesia has been recognized as a universal problem and is considered unacceptable/~ Currently, opioids remain the mainstay of postoperative pain management after major surgery. 3 Although the use of opioids can provide excellent analgesia, the doses necessary to provide effective pain relief may lead to undesirable side effects such as respiratory depression, sedation and nausea. 4 Non-steroidal anti-inflammatory drugs (NSAIDs) are potent analgesics 4,s but are inadequate for postoperative analgesia after major surgery when used alone. 3,5 However, NSAIDs in conjunction with opioids for postoperative analgesia have been shown to improve pain scores and reduce opioid consumption. 2,3,6q~ This combination of drugs has been termed balanced analgesia, s The combination of indomethacin with morphine has been studied in patients after thoracic, abdominal and orthopedic surgery, 2,n,12 but not after cardiac surgery. Anecdotal reports at our institution have indicated that the combination of rectal indomethacin and parenteral opioid is associated with superior analgesia after cardiac surgery. The choice of indomethacin, administered rectally, was made on the basis of its well studied physiological properties, good absorption, easy and convenient (q12h) administration, and relative inexpensiveness. 13 The standard postoperative analgesia technique used in many institutions for cardiac surgery does not involve the use of NSAIDs. Through a prospective, randomized, double-blind trial, comparing indomethacin with placebo, as an adjunct to morphine analgesia, we recorded the effects of indomethacin on morphine use and analgesia after cardiac surgery. The difference in postoperative blood loss, time to tracheal extubation and vital capacity (VC) between the indomethacin and placebo groups was also recorded and evaluated.
Patients and methods With institutional ethics approval and written, informed consent, 122 adult patients scheduled to undergo elective aortocoronary bypass (ACB) surgery were enrolled in this trial. Patients were excluded from participating if one or more of the following existed: (i) previous history of peptic ulcer disease or gastrointestinal bleeding; (ii) hepatic or renal insufficiency; (iii) insulin dependent diabetes mellitus due to risk of diabetic nephropathy; (iv) known allergy or sensitivity to ASA or NSAIDs; (v) use of ASA in the five days preceding surgery; (vi) gastro-epiploic artery conduit; (vii) weight < 60 kg; (viii) inability to operate the patient controlled analgesia (PCA) device; and (ix) language barrier.
Patients enrolled in the study were instructed on PCA use and reporting of pain on a visual analogue scale (VAS). A standard 10-cm VAS was used, where one end of the scale represented no pain (0 cm), and the other end the most severe pain imaginable (10 cm), the distance in centimeters being taken as the pain score.
Preoperatively, all patients received a standard premedication of 1-2 mg lorazepam sl, or 1-3 mg of midazolam ira, or 5-20 mg diazepam po. Anesthesia was induced with 10-15 ~lg-kg -1 fentanyl, midazolam, pancuronium, and either propofol or thiopental. Anesthesia was maintained by halothane or isoflurane in a 50% oxygen and air mixture. Supplemental doses of vecuronium were used for muscle relaxation as required. Additional fentanyl was given up to a maximum of 15 pg.kg -1 for the operative period.
Tranexamic Acid 5-10 mg iv was given prior to skin incision only to patients considered to be at higher risk for bleeding. Patients were given heparin for systemic anticoagulation prior to cardiopulmonary bypass. Systemic anticoagulation was reversed after separation from cardiopulmonary bypass with protamine. Any residual muscle relaxation was reversed with neostigmine and glycopyrrolate. After transfer to the cardiovascular intensive care unit (CVICU) with the trachea intubated, patients were assessed over two to three hours for blood loss and creatinine levels. Patients with evidence of renal dysfunction, defined as serum creatinine levels higher than the upper limit of the normal range for their age and gender, and chest tube drainage > 100 ml.hr -1, were excluded from the study at this stage. Sixty-seven patients continued in the study; all excluded patients were due to excessive chest tube blood loss. Patients continuing in the study were randomized in a double-blind fashion to one of two groups. The indomethacin group, Group (I ), received a 100 mg indomethacin suppository two to three hours after surgery and again 12 hr later for the 24 hr study period. The placebo group, Group (P), received an identical appearing placebo suppository according to the same regimen. The randomization procedure was carried out by the pharmacy department by the sequential selection of previously randomized envelopes containing the study drugs.
All patients received standard postoperative analgesia of 2-4 mg morphine iv as required for pain relief.
The relief of anxiety and agitation was treated with midazolam intravenously. Prior to extubation, intravenous morphine was administered by the nursing staff for analgesia to patients exhibiting signs of tachy-cardia, hypertension, grimace, sweating, or indicating that they were having pain. Once the patients were awake, normothermic, and hemodynamically stable with satisfactory arterial blood gases (pH 7.32-7.48, PO 2 80 with FiO2<.60 while receiving 5 cm H20 continuous positive airway pressure for 30 min), extubation of the trachea was performed. All patients received a PCA device to administer supplementary doses of morphine. The PCA device was programmed to provide a bolus dose of 1.5 mg morphine with a lockout time of seven minutes, and a four hour limit dosage of 30 mg morphine. Patients were studied for 24 hr. Total morphine consumption for the 24 hr was recorded. Pain scores were recorded both at rest and with cough at 4, 6, 12, 18 and 24 hr after initial dosing. Pain scores were recorded with cough as a measure of dynamic pain. Vital capacity via spirometry was recorded at 6, 12 and 18 hr postoperatively. Chest tube loss was recorded at 12 and 24 hr, and time to extubation was also recorded during the study period.
The primary measure (dependent variable) of treatment efficacy was the VAS. Deviations from normal gaussian distribution were treated by standard transformation of the VAS. The two treatment arms, placebo and indomethacin, and five time points of measurement were analyzed in a repeated measures analysis of variance (RANOVA).
The alpha for the interaction F ratio was set at 0.05 and the desired power to 0.80 for a population size of 60 patients enabling the detection of a medium size effect (f=0.20). 14 The data for benzodiazepine premedication, intraoperative and postoperative midazolam administration, intraoperative fentanyl use, morphine use in the CVICU before initiation of PCA, 24 hr morphine consumption, blood loss, VC, time to tracheal extubation, and serum creatinine concentration were compared for the two treatment arms using Student's t test on independent samples. A P value < 0.05 was considered significant.
Results
One hundred and twenty-two patients consented and enrolled in the study preoperatively. However, before receiving either indomethacin or placebo suppositories, 55 patients were excluded due to postoperative blood loss exceeding 100 ml-hr -I in the first three hours after surgery. A further 10 patients were excluded from analysis due to inadvertent premedication with morphine. Analysis of data with and without these 10 patients yielded similar results. After these exclusions, 57 patients remained for analysis; 31 Values are mean • SD. P :NS patients in the indomethacin group and 26 in the placebo group. The groups were similar in respect to number, age, sex and surgical procedure and technique (Table I) . Both the indomethacin and placebo groups received similar preoperative medications with no difference in the total amount administered to each group (Table II) . There was no difference in the total amount of intraoperative and postoperative midazolam administered to the indomethacin and placebo groups (Table II) . Further, no difference in the intraoperative fentanyl use was found between the indomethacin and placebo groups (Table II) . There was no difference between groups with the amount of morphine administered in the CVICU before PCA was started (Table II) . No major postoperative complications were reported in either group. Pain scores measured with a VAS were consistently lower in the indomethacin than in the placebo group at rest for 4, 6, 12, 18 and 24 hr (P--0.006) (Figure 1) . The patients in both groups were not awake and alert enough in the first few hours after surgery to comply with measurement of pain scores. Therefore, the 0 and 2 hour measurements were excluded due to insufficient data. Furthermore, since a number of pain scores were not recorded at 24 hr due to patient transfer from the CVICU to the ward, only 27 patients were analyzed in the full 2 x 5 RANOVA. When the 24 hr measure was dropped from the RANOVA the sample size in the 2 x 4 RANOVA increased to 43. This statistical analysis confirmed the treatment effect (P---0.005) on pain scores at rest in the indomethacin group.
At rest, the pain scores at 4, 6 and 18 hr for the indomethacin group were approximately 60% less than for the placebo group. At 12 and 24 hr, the pain scores of the indomethacin group were only 30% less than the placebo group. Indomethacin consistently produced lower pain scores than placebo (Figure 1) . The time effect (P=0.013) demonstrated that pain scores generally decreased with time in both groups.
With cough, pain scores at 4, 6, 12, 18 and 24 hr for the indomethacin group were 9% to 23% lower than for the placebo group. These differences did not reach statistical significance (Figure 2 analysis of respiratory function revealed that vital capacity was 31%, 22% and 13% higher in the indomethacin than in the placebo group for 6, 12 and 18 hr respectively but these differences did not reach statistical significance.
None of the study subjects (either group) developed postoperative renal dysfunction. Postoperatively at 24 hr, a moderate reduction in serum creatinine concentration was observed in both the indomethacin (100.6 + 17.2 to 84.7 • 14.5 }amol-I -1) and placebo groups (106.8 • 15.8 to 89.8 • 12.0 ~amol.1-1 ) (/~.NS). There was no difference between groups with respect to the total dose of dimenhydrinate used for nausea during the study period. 
Discussion
This study has demonstrated that the combination of indomethacin with morphine to provide analgesia after cardiac surgery, results in reduced pain scores at rest and decreased opioid requirements in the early (24 hr) post-operative period. Patients given indomethacin suppositories used 38% less morphine than patients given placebo. This opioid sparing effect is in agreement with results reported in previous clinical trials of indomethacin in conjunction with opioids for postoperative analgesia. 1~ Sims et al. is using a similar analgesic regimen to our study, reported a 44% reduction in morphine use for the indomethacin vs placebo group in the first 36 hr after appendectomy. Turner This opioid sparing effect may reduce the incidence of drowsiness and need for antiemetic therapy. 6, 17 Parker et al. reported that the addition of an NSAID resulted in a more rapid return of gastrointestinal function, lz A reduction in opioid related side effects may result in decreased postoperative morbidity and shorter recovery time. ~s Sedation, nausea, gastrointestinal function, and recovery time were not assessed in this study.
In the first 24 hr after cardiac surgery, the indomethacin group obtained better analgesia than the placebo group; reporting 26% to 66% lower pain scores at rest (Figure 1 ). Pain scores with cough, were 9% to 23% lower in the indomethacin group but this was not statistically significant ( Figure 2 ). Decreased pain scores at rest are consistent with the findings of the majority of previous clinical studies for other types of surgery. 6,s-13,ls'19 Similar to our study, Reasbeck et al. reported a 50% to 71% reduction in pain scores at rest with the rectal indomethacin group in the four postoperative days after major abdominal surgery. 12 The observation of reduced pain scores at rest, but not with cough, is consistent with a study done by Engel on post hysterectomy patients, where there was decreased pain at rest but not with movement, in patients receiving indomethacin. I~ Optimal pain relief has been shown to reduce the duration of ischemic episodes through reduced myocardial oxygen demand. 2~ Superior pain relief using a combination of NSAID and opioid results in decreased heart rate and blood pressure, and hence reduced myocardial oxygen demand in the first 24 hr postoperatively. 2~ This may be advantageous to postcardiac surgery patients, as the majority of these patients will develop biventricular myocardial dysfunction within the first 4-24 hr postoperatively. 2~, 22 The duration and frequency of postoperative ischemic episodes was not assessed in this study.
Indomethacin, an NSAID, is an inhibitor of prostaglandin synthesis and, thus, has the potential to decrease gastric mucosal integrity, renal blood flow and platelet aggregation. This can lead to complications, including upper gastrointestinal ulcer formation and hemorrhage, renal insufficiency and platelet dysfunction resulting in an increase in postoperative blood loss. 4 However, when used over a short time, in relatively low doses, the potential side effects of NSAIDs are rare. 4 Previous investigators have reported no important gastrointestinal ulceration or hemorrhage with short-term (<48 hr) therapy. 3, 4 Our results showed no deterioration in renal function following the use of NSAIDs. Clinical trials evaluating the effects of NSAID therapy on renal function in healthy patients have previously documented transient, but clinically insignificant increases in creatinine following NSAID use. s36,2a Our patients did not exhibit a transient increase in postoperative serum creatinine concentration. Perhaps, this is a result of our stringent exclusion of any patient with a systemic disease process known to have a high incidence of renal involvement. We excluded all insulin dependent diabetics since 40% to 50% of these patients develop diabetic nephropathy, z4 The incidence of acute renal failure following exposure to NSAIDs is uncommon in adults without underlying kidney disease. 23,2s However, patients with hypovolemia, arteriosclerosis, congestive cardiac failure, cirrhosis and renal insufficiency, are at high risk for adverse renal effects if placed on NSAID therapy, z6
In our study, patients given indomethacin suppositories did not have a difference in postoperative surgical blood loss compared with patients given placebo for the first 12 hr after surgery. However, patients who had higher chest tube blood loss after surgery were not entered into the study. Our finding is in agreement with previous clinical trials of NSAIDs use in conjunction with opioids for postoperative analgesia in non-cardiac surgery, s, 16, 17, 27 If patients are properly screened for renal insufficiency, previous history of peptic ulcer disease, hepatic disease, allergy or sensitivity to ASA or NSAIDs, then short-term NSAID use for postoperative analgesia is appropriate.
In conclusion, the benefit of using indomethacin with morphine for balanced analgesia in post cardiac surgery outweighs the minimal risks for carefully selected patients. The use of indomethacin reduces postoperative pain scores and opioid use without producing side effects.
